The geologic study of the Apulian Tavoliere plain (Apulia región, southern Italy) is extremely difficult due to the scarcity of outcrops and fauna that could be used for dating. The survey inprogressof the 1:50,000 scale geological sheetno. 409 "Zapponeta" (including the coastal zone of the Apulian Tavoliere) has prompted us to tackle this problem by using a large set of borehole data and the AAR dating method applied to ostracod shells, which are capable of colonizing all types of environment as long as there is water. This alternative approach has allowed us to recognise nine stratigraphic units or synthems and, for the first time in this área, to date them, and to find a correlation between them and the cycles of sea level variation. The recognised stratigraphic units are: the Coppa Nevigata sands (NEA; middle Pleistocene: MIS 17-16), argíüe subappennine unit (ASP; middle Pleistocene: MIS 15-13), the Coppa Nevigata synthem (NVI; middle Pleistocene: MIS 11), the Arriendóla subsynthem (MLMi; middle Pleistocene: MIS 11), an undifferentiated continental unit (UCI; middle Pleistocene: MIS 8-7), the Foggia synthem (TGF; middlelate Pleistocene: MIS 6), the Carapelle and Cervaro streams synthem (RPL; late Pleistocene: MIS 5-3), and the Inacquata farm synthem (NAQ; Holocene). Within the RPL unit, a buried Cladocora caespitosa bioherm referable to MIS 5.5, lacking in warm fauna, and in which the coral is embedded in clay has been found in some boreholes. This is the first finding of Tyrrhenian deposits with C. caespitosa along the Italian Adriatic coast; the presence of this coral in clayey sediments, a very uncommon occurrence, strengthens the hypothesis that the major fossil reefs grew in coastal waters that were characterised by alluvial inputs of fine sediments, higher turbidity, and higher temperature than today. In addition, on the basis of the current evidence, some consideration about the fauna of the MIS 5.5 layer allows us to hypothesise that the Adriatic Sea underwent a more modérate warming compared to that of the Ionian and Tyrrhenian seas. Instead, the finding in the NVI unit of a tropical lagoonal deposit with stromatolites referred to MIS 11 proves that the warming in this stage was undoubtedly greater than that of MIS 5.5. The MM4 borehole, which goes through the MIS 5 layers of the RPL unit, made it possible to recognise two marine phases during MIS 5: the first is referable to the MIS 5.5-5.3 interval, and the second to MIS 5.1. MIS 5.2 is marked by land emersión, whereas no evidence of land emersión between MIS 5.5 and 5.3 has been found. Also for the first time in this área, uplifting and subsiding áreas have been recognised and the vertical movements assessed. In general, the data suggest that the Garganic Apulian foreland and the Amendola highland experienced an uplift, while the central-southern part of the study área, belonging to the Apulian Tavoliere plain, suffered a subsidence with rates increasing from north-northwest to south-southeast. In particular, the finding of the MIS 5.5 buried layer with C. caespitosa has allowed us to fill a gap in the data regarding the recent tectonic movements along the Adriatic coast (Ferranti et al., 2006) . This feature proves that there has been a recent subsidence event since MIS 5.5 in the coastal área of the Apulian Tavoliere plain.
south by the Murge Highlands, and to the east by the Adriatic Sea. It looks like a monotonous fíat expanse, tilted on average of a few degrees towards east-northeast, and almost completely lacking in morphological evidence, except for very low scarps, bordering terraced marine or alluvial deposits, and erosive furrows of mostly seasonal streams that descend from the Apennine chain.
The first geologic setting was obtained with geologic surveys carried out in the 1960s and 1970s, connected with the development of the 1:100,000 scale geological map (Jacobacci et al., 1967; Malatesta et al., 1967; Boni et al., 1969; Merla et al., 1969; Boenzi et al., 1971) . New momentum has been given to the studies of the Apulian Tavoliere in the last decade thanks to the realisation of the new 1:50,000 scale geological map (CARG project; Ciaranfi et al., in print; Caldara et al., in print) .
The use of the Unconformity-Bounded Stratigraphic Units (UBSU; Salvador, 1987) , accepted by the Italian Geological Survey for the new geological map, implies the identification of synthems, which include continental terraced deposits, marine terraced deposits, or both, thus modifying the geological interpretation of the área. However, the problem of the chronological collocation of these terraced units has often been tackled hastily; in fact, their ages have been deduced on the basis of their altitude only, beginning from the end of the lower Pleistocene, which is the hypothesised age for the closing of the Bradanic cycle.
The survey in progress of the 1:50,000 scale geological sheet no. 409 "Zapponeta" (including the coastalzoneofthe Apulian Tavoliere), being carried out by the authors, has prompted us to tackle the problem in a different way, using a large number of boreholes and the amino acid racemization (AAR) dating method applied to ostracod shells.
With these tools, our aim has been to identify the stratigraphic units outcropping in the coastal zone of the Apulian Tavoliere plain, to date them, and to find a correlation between them and the cycles of sea level variation.
Regional setting
The Apulian Tavoliere belongs to the Bradanic Trough domain (Migliorini, 1937; Malinverno and Ryan, 1986; Royden et al., 1987; Scandone, 1989, 2001; Doglioni, 1991) . From a structural point of view, the Tavoliere is a part of the "Fossa Bradanica" basin (Bradanic Trough) which formed, beginning in the Lower Pliocene, between the Southern Apenninic chain and the Apulian-Dinaric foreland (Fig. 1 ). After the basin was filled, some terracing phases linked to both glacio-eustatic oscillations and discontinuous uplift took place.
The geologic history of this área is characterised by the formation, during the Neogene, of a chain-foredeep-foreland system.
The Plio-Pleistocene is characterised by two different geodynamic phases Doglioni et al., 1994 Doglioni et al., ,1996 .
The first occurred between the middle Pliocene and the lower Pleistocene, when the extreme western sectors of the Apulian foreland underwent strong subsidence (around 2 mm/yr; Doglioni et al., 1994) because of the subduction under the Apennine chain. During this phase, wide sectors of foreland evolved into a foredeep (Bradanic Trough) . In this context, a Bradanic Trough sedimentary cycle (Cantelli, 1960; Ricchetti, 1967 Ricchetti, , 1981 Azzaroli et al., 1968; Ricchetti et al., 1992) began to accumulate, with marine carbonate deposits of shallow water (calcarenite di Gravina unit) followed by silty-clay hemipelagic deposits (argille subappennine unit).
The second geodynamic phase started in the middle Pleistocene and still continúes today: the uplift of the whole Apulian foreland took place Doglioni et al., 1994 Doglioni et al., , 1996 , testified by the regressive deposits of the Bradanic trough cycle (the upper part of the argille subappennine, sabbie di Monte Maraño and congloméralo di ¡rsina units) and/or by the marine and continental terraced deposits, going from oldest to youngest, according to their progressive elevation from sea level (Ciaranfi et al., 1992 ).
Glacio-eustatic sea level oscillations occurred together with this ongoing regional polyphase uplift, which complicated the mechanism of regression. As a consequence, according to Caldara and Pennetta (1991, 1993) and Boenzi et al. (1991) , each terraced deposit of the Apulian Tavoliere is the result of one or more marine sedimentary cycles and/or continental alluvial phases.
In the new 1:50,000 scale geological map, a regional significance has been attributed to the regressive deposits, with the exception of the upper part of the argille subappennine unit; consequently, they have been grouped in the Apulian Tavoliere supersynthem (Ciaranfi et al., in print) , which is primarily constituted by thin alluvial terraced deposits and, subordinately, by marine beach deposits. On the basis of regional considerations, the Apulian Tavoliere supersynthem has been referred to the lower-middle Pleistocene-late Pleistocene (Ciaranfi et al., in print) .
In particular, the stratigraphic units of the Apulian Tavoliere supersynthem, sited at the lower heights, and therefore the youngest, are (Ciaranfi et al., in print) : the Masseria la Motticella synthem (MLM, which includes the Amendola subsynthem: MLM!), the Foggia synthem (TGF), the Carapelle and Cervaro streams synthem (RPL) and the Masseria Finamondo synthem (TPF). These two last units are coeval, but they have been kept sepárate because they belong to different hydrographic basins.
Methods
The geologic study of the Apulian Tavoliere is extremely difficult for various reasons: the very low scarps between the terraced units; the homogeneity of the sediments; the outcrop scarcity, the thick superficial soil layer; and the removal or attenuation of the natural morphologies due to the agricultura! mechanization.
Despite this, the stratigraphic units were identified thanks to the geological survey correlated with the depth data. We have found and described some natural and artificial sections, of which the following are particularly important (Fig. 1) , indicated with the abbreviations: VZ66, near Tomaiolo Farm; VZ68, at the Posta Piaña locality; VZ 90,91, 93,176, all near Coppa Nevigata Farm; VZ 166, at the Passo Breccioso locality; VZ 169, at the Panetteria del Conté locality; VZ 193, near the Cervaro stream; VZ 214, near the Posta Fossetta locality.
In order to define the thicknesses and depths of the superficial units, data were collected from boreholes (Fig. 2) .
The boreholes can be divided as follows:
1) boreholes for geognostic or water research, which made it possible to collect some samples (Cl, D3, DF1, IPPO, MM4, MM6, Mnl2, and Pt8 boreholes); 2) boreholes for water research that made it possible to recover only the stratigraphies. They have been indicated with the abbreviations "E" and "Ep" followed by an ID number.
Because of the scarcity of suitable fauna for dating, we used two methods extensively, in order to date the stratigraphic units: 14 C and AAR, depending on the faunal content of the examined sediments and their ages inferred from their stratigraphic position.
In particular, the AAR method was applied thanks to the common presence of ostracods, which allow the dating of marine, lagoonal and continental sediments, thanks to their ability to colonise all types of environment, as long as there is water.
Amino acids are minor components of mineralized tissues as bone, tooth and shell are. The amino acids are asymmetric and may exist in either a left-handed (L) or a right-handed (D) form, each of which is the mirror image of the other. In all living beings all amino acids are L-amino acids, characterised by the fact that the amino group is at the left side of the molecule. After the death of an organism the L-amino acids diminish while the D-forms accumulate until equilibrium conditions are reached. Through time the D/L ratio approaches 1: this process is called amino acid racemization (AAR), a first order kinetics chemical reaction depending on temperature and time (Schroeder and Bada, 1976) . The use of racemization valúes must be done taking into account the thermal history of the sites (McCoy, 1987) and the genera to be sampled. For example, in the Mediterranean área the method covers ca. 1.3 Ma (Ortiz et al., 2002; Clarke and MurrayWallace, 2006) but in the Canary Islands only the last 600 ka. For the present work, many samples have been submitted for dating with the AAR method (Torres et al., 1997; Ortiz et al., 2002 Ortiz et al., , 2004 to the Biomolecular Stratigraphy Laboratory of the Polytechnical University of Madrid.
The method has been applied on ostracod shells of different taxa. The use of ostracods for AAR dating may be very helpful because they can be present in aquatic environments: this allows, at least in theory, sedimentary successions with marine and continental sediments to be dated (like the terraces of the Apulian Tavoliere). For this work, the following ostracods taxa were used: Cyprideis torosa, Candona neglecta, ¡lyocypris gibba, Leptocythere sp., Loxoconcha sp., Heterocypris sp., Hemicyprideis sp., Cytheroptheron sp., Carinocythereis sp., Cushmanidea sp., and Heterocythereis sp.
Although monogeneric samples are necessary to reduce taxonomically controlled variability in D/L ratios, these three different ostracode genera were employed together to establish the age calculation model. In fact, in previous studies (McCoy, 1988; Oviatt et al., 1999; Kaufman et al., 2001) , only slight differences between D/L ratios from different ostracode genera (Candona and Limnocythere) that belong to different phylogenetic ostracode groups (Cypridacea and Cytheracea superfamilies, respectively) have been reported: as much as 0.024 in D-alle/L-lle valúes (McCoy, 1988) and 0.022 or 0.048 (Kaufman et al., 2001) in D/L aspartic acid valúes. The analyzed ostracodes of this work belong to either of these two superfamilies: Herpetocypris and ¡lyocypris to superfamily Cypridacea and Cyprideis to superfamily Cytheracea.
Seven samples have been submitted for dating with the AMS method to the Centre of Dating and Diagnostic (CEDAD) of the University of Lecce (Lab. ID: LTL), to the Centre for Applied Isotopic Studies of the University of Georgia, USA (Lab. ID: UG) and to the Geochron Laboratories of the Kruger Enterprises Inc., Cambridge Massachusetts, USA (Lab. ID: GX). Finally, it is considered appropriate to give here a methodological note: all the heights and depths reported in this article are referred to the current sea level.
Results

Stratigraphic units
The identified stratigraphic units are represented on the reported geological map (Fig. 1) and sections (Fig. 2a, b) .
We here report the lithological features and the faunal content of the nine identified units.
í. Argille subappennine unit (ASP)
This unit (Azzaroli et al., 1968) , belonging to Bradanic trough cycle, does not crop out in the study área. It was therefore studied using boreholes, specifically Cl, D3, MM4, MM6, Mnl2, and Pt8.
The lower part, reached only in the Cl core between the bottom and -40 m, is made up of grey-blue clays, local marly, with faunas indicative of a deep marine environment (from the epibathyal to the deep circalittoral zones).
In fact, the paleontological content consists of an epibathyal association characterised by Delectopecten abyssorum and Thyasira sp.; added to these, at around -62 m, are pteropods such as Limacina inflata, Atlanta cí. peroni, Styliola subula and Creseis acicula. Upward, the faunal content is characterised by sedimentary instability indicators referable to the circalittoral zone, such as: Corbula gibba, Nuculana pella, Ditrupa arietina and Fustiaria rubescens.
The upper part of the argille subappennine unit, reached in the D3, MM6, Mn 12, and Pt8 cores and in the upper part of the Cl (above -40 m), shows a regressive trend: it is made up of grey, olive-grey or brown silty clays, fine sands, and greyish fine sandstones, deposited in circalittoral and infralittoral zones.
In the lowest parts, the presence of Venus multilamella, Turritella tricarinata pliorecens and Amyclina semistriata suggests the circalittoral zone, with a biocoenosis comparable to that of coastal terrigenous muds (VTC sensu Peres, 1967) characterised by sedimentary instability, as testified by D. arietina, N. pella and C. gibba (Di Gerónimo, 1984) . Upward, the passage into a sandy lithology with Chamalea gallina, Chlamys opercularis, Acanthocardia paucicostata and numerous herbivorous gastropods (e.g., Bittium reticulatum and Tricolia pulla) suggests the infralittoral zone, with a biocoenosis comparable to that of fine well-sorted sand (SFBC sensu Peres, 1967).
Coppa Nevigata sands (NEA)
This unit, never before described, has been found in three artificial outcrops (VZ90, 91 and 93 sites) near the "Coppa Nevigata" farm ( Fig. 3) . It is transgressive on the Mesozoic limestones, characterised by a surface intensely drilled by Lithodomus. This unit consists of greylight brown, médium-to fine-grained sands with a high microfaunal content, passing upward into silty clays or clayey silts, sterile or with little faunal content; at the base, there is a layer with centimetric pebbles, prevailingly of Garganic origin. The faunal content consists of: C. opercularis, Anomia sp., Mytilaster sp., Limidae sp., Pholadidae sp., Briozoa, Balanus sp., Echinoidea, benthic and planktic foraminifera, and ostracods (C torosa). In the upper silty-clayey part, only rare ostracods are present.
The NEA unit was deposited in a shallow marine environment (infralittoral zone), with probable passage upward into the continental one. 
Coppa Nevigata synthem (NV¡)
This unit, also described for the first time in this work, has been found in four artificial outcrops (sites VZ90, 91, 93 and 176) near the "Coppa Nevigata" farm (Fig. 3) . It sometimes unconformably overlies the Mesozoic limestones (VZ 176 site); at other times it occurs with the Coppa Nevigata sands (NEA; VZ 90, 91 and 93 sites). At the base, this unit consists of tawny or yellow ochre sand, with rare polygenic centimetric pebbles. Upward, it passes into light yellow ochre sandy/ clayey silt or clay; some layers are cemented, forming marly limestones or marls that altérnate with loóse layers: the cemented layers contain "nests" of Abra sp. and Cerastoderma glaucum external moulds, as well as centimetric lenses and levéis of columnar stromatolites; in the loóse levéis there is a high ostracod contení (C torosa). The uppermost part of the unit consists of yellow ochre or tawny marly limestones and marls rich in external moulds of Abra sp. and C. glaucum. The basal part of the NV1 unit was deposited in a continental environment, with an alluvial plain facies; the upper part was deposited in a lagoon with different confinement zones.
The presence of columnar stromatolites also suggests that this lagoon developed in a tropical climate, and often intertidal environments were present, as currently exists in Shark Bay, Australia (O'Leary et al., 2008) .
Arriendóla subsynthem (MLMj)
This unit crops out on the homonymous morphological highland (Amendola highland). It was first reported in the 1:100,000 scale geological map with the ñame "yellowish sands with coastal fauna" (mark: Qm2; age: Pleistocene; Merla et al., 1969) ; it has been subsequently described by Ciaranfi (1983) as "Amendola sands". In the new 1:50,000 scale geological map, this unit is described as a marine subsynthem of the Masseria la Motticella synthem (MLM) that belongs to the Apulian Tavoliere supersynthem; its age reported here is middle (?)-late Pleistocene (Ciaranfi et al., in print) .
The top of the Amendola subsynthem (MLMi) either corresponds to the topographic surface, or is an erosión surface that brings it into contact with overlying TGF or RPL units. The base of the Amendola subsynthem (MLM!) does not crop out, but the cores show that this unit unconformably overlies the argille subappennine (ASP), as also testified by the stratigraphic hiatus between the two units, quantified for the first time in this work.
This unit consists of typically tawny-orange or yellow ochre sands, alternating with some levéis of fine sand, silt, clay and, at times, coarse sandstone (Fig. 3) . The bedding is quasi-horizontal, as shown by the alternating levéis of different grain size and by the sandstone layers.
In the few available outcrops (exclusively artificial trenches), the presence of a fine upper part is constant, almost always made up of tawny yellowish to brown clay or clayey silt, rich in white calcareous nodules due to evaporite precipitation. Above this fine part, a layer of calcareous crust, locally called crosta pugliese, occurs.
The faunal content of the Amendola subsynthem consists of: Anomia ephippium, C opercularis, Chlamys varia, Ostrea edulis, Lentidium mediterraneum, Pectén sp. and Donax sp. The faunal content of the upper fine part is composed only of indeterminable fragments of continental gastropods.
From the above data, we deduce that the MLM! unit was deposited in a very shallow marine environment (upper infralittoral zone); locally, in borehole (e.g. MM4), there are transition facies with a faunal association referable to the eurialine and euritherm lagoon biocoenosis (LEE sensu Peres, 1967): C. glaucum, Abra, B. reticulatum, and Hydrobiidae sp. The upper fine part, on the other hand, is the result of the alteration of the underlying sands under sub-aerial conditions.
Undifferentiated continental unit (UC¡)
This unit, also described for the first time in this work, does not crop out and has been found exclusively in boreholes (e.g., MM4 and Pt8) , where it appears to unconformably overlie the Amendola subsynthem (MLM!) and underlie the Carapelle and Cervaro streams synthem (RPL) or Foggia synthem (TGF).
This unit consists of grey-blue, brownish or grey-olive sandy clay, and dark yellow to brown sand; the sandy and clayey levéis are often densely alternating. In the Pt8 core, the whole unit contains white calcareous nodules due to evaporite precipitation. Moreover, the unit contains: 1) in the lower part, a level of bauxite pisolites and coral fragments of Garganic origin; 2) in the central part, some paleosoil layers rich in snail fragments of terrestrial gastropods; 3) in the upper part, traces of roots.
The faunal content consists of terrestrial gastropods that are hard to identify due to their fragmented state (Helix sp. and Limax sp.) and fragments of organisms living in freshwater environments, such as: ostracods (C torosa, ¡lyocypns and Hemicyprideis), opercula of freshwater gastropods, and Characeae oogons. In the MM4 borehole, the upper part of this unit passes into a transitional environment of reduced salinity (Fig. 5 ) characterised by lagoonal fauna such as C glaucum, Abra segmentum, Hydrobiidae, and ostracods (C torosa).
The UC1 unit was deposited in a continental environment.
Foggia synthem (TGF)
On the 1:100,000 scale geological map, this unit was not reported as it was included in the "terraced alluvial deposits" (mark: Qt 3 ; age: Holocene; Merla et al., 1969) . This unit has been introduced in the new 1:50,000 scale geological map, where it has been included in the Apulian Tavoliere supersynthem and attributed to the middle (?)-late Pleistocene (Ciaranfi et al., in print) .
In the study área, this unit crops out in some edges ( Fig. 1 ) of the extreme western part and constitutes its higher alluvial terrace. It consists of eterometric, round-to-flat gravéis of Apenninic origin. The matrix is made up of grey-brown silty clay or clayey silt; in addition, beds and lenses of grey-light brown sand are present, which at times grade upward into silty clayey components. There are evident concave erosión surfaces in the gravel bodies. Eastwards, the Foggia synthem, found only in boreholes (E195, E196, E197, Ep64, MM6 and Pt8), also contains calcareous gravéis of Garganic origin and is characterised by a greater thickness of clayey/silty lenses and beds.
The base of this unit does not crop out, but the boreholes show that it unconformably overlies the argille subappennine unit (ASP), the Amendola subsynthem (MLMi), or the undifferentiated continental unit (UCI). The upper boundary corresponds, in outcrop, to the topographic surface; in borehole and in outcrop, the unit appears unconformably overlain by the younger RPL unit.
The faunal content consists of fragments of indeterminable terrestrial gastropods, such as Hygromidae sp. and Helix sp., and bivalves living in freshwater environments, such as Pisidium amnicum, Unió sp, and C. torosa.
The Foggia synthem is the result of deposition in an alluvial plain under a braided pattern.
Carapelle and Cervaro streams synthem (RPL)
This unit was not reported on the 1:100,000 scale geological map, but was included in the "terraced alluvial deposits" (mark: Qt 3 ; age: Holocene; Merla et al., 1969) . In the new 1:50,000 scale geological map, it has been included in the Apulian Tavoliere supersynthem and attributed to the late Pleistocene (work in progress).
This synthem is the widest among those cropping out in the studied área. It is composed of the alluvial deposits of the Carapelle and Cervaro streams, which pass eastwards into shallow water marine deposits found in boreholes only (e.g., MM4 and Pt8). This unit forms the alluvial terrace that is immediately above the recent and present alluvial plain (Inacquata farm synthem); the scarp connecting this unit with the Foggia synthem (TGF) is low and gentle.
The Carapelle and Cervaro streams synthem comprises a wide range of grain sizes: sands, silts, clays, and occasional gravelly layers; the sands can be cemented, forming sandstone layers; the colour of the sediments can change from light brown, to red-yellowish, to brown or light grey. However, the sandy and silty components often exhibit a lamination from parallel to undulating. In the innermost áreas, more proximal facies have been found, primarily composed of gravéis with sand and silt layers (Passo Breccioso site). The uppermost part of the unit (Fig. 3: VZ169site) consists of a paleosoil overlain by a level of calcareous evaporite crust, laminated and friable, 50 cm thick at the most; however, there are frequent cases in which one or both of these elements is absent.
The lower boundary consists of an erosión surface on the Foggia synthem (TGF) in outcrop (VZ214 site), and on the Amendola subsynthem (MLMi) or the undifferentiated continental unit (UCI) in borehole. The upper boundary corresponds to the topographic surface in outcrop; in borehole, it consists of an unconformity overlain by the younger Inacquata farm synthem (NAQ).
The continental part of the RPL unit is interpreted as an alluvialdelta plain deposit, with many overbanks. The faunal content consists of terrestrial gastropods: Cemuella virgata, Helix sp., Cemuella sp. and organisms living in freshwater environments: Bithynia tentaculata, Valvata sp., Planorbis sp., and ostracods (C torosa, C neglecta and ¡lyocypris sp.).
As already mentioned, toward the east, this unit passes into sediments deposited in a lagoonal or shallow marine environment (infralittoral zone). These sediments are made up of dark grey to greyblue clays, greyish clayey or silty sands, greyish clays and silts, and yellowish sands. They are characterised, from bottom to top, by the presence of (Fig. 5 
inacquata farm synthem (NAQ)
On the 1:100,000 scale geological map, two lithological units called "current and recent alluvial deposits" and "current and recent beach and coastal dune deposits" are reported separately. On the new 1:50,000 scale geological sheet no. 409 "Zapponeta" (work in progress), we have introduced the Inacquata farm synthem (NAQ). The former two units, therefore, are considered to be subunits of the Inacquata farm synthem.
4.Í.8.Í. Current and recent alluvial deposits (b).
This subunit forms the lower alluvial terrace and the current coastal plain.
It consists of grey clays with sporadic levéis of plane-parallel laminated gray silts.
The base of this subunit does not crop out, but, in borehole, it consists of an erosión surface that brings it into contact with the underlying RPL unit and with the Garganic units. The upper boundary corresponds to the topographic surface. The scarp that joins the Carapelle and Cervaro streams synthem (RPL) with subunit b is steeper and easier to lócate than the one that joins RPL with the TGF unit.
The faunal assemblage consists of C. virgata, Cemuella cisalpina, Hygromiidae and Helix sp.
Current and recent beach and coastal dune deposits (s).
This subunit crops out along the coastal stretch and consists of fine to coarse marine grey sands. The base of this subunit does not crop out, but, in borehole, it consists of an erosión surface that brings the subunit into contact with the underlying RPL unit. The upper boundary corresponds to the topographic surface.
Subunit b was deposited in a shallow marine environment (infralittoral zone); in particular, the faunal content indicates the fine well-sorted sand biocoenosis (SFBC sensu Peres, 1967) 
Historical reclamation deposits (c)
This unit consists of clear to dark grey clays, placed by anthropic works aimed at filling and reclaiming the Tavoliere coastal plain. They extend within the áreas that, until the early nineteenth century, were occupied by the Contessa, Versentino and Salso lakes .
As previously mentioned, a level of caliche (Caldara et al., in print) , called "crosta pugliese" (Kr in Fig. 3) , locally overlies the MLMi, TGF and RPL units, where their upper boundary corresponds to the topographic surface.
The "crosta pugliese" is mainly due to a calcification process that caused an enrichment of carbonate by evaporation under arid or subarid climatic conditions (Carnicelli et al., 1989) .
Chronological data
In Tables 1 and 2 , we have reported the samples dated respectively with 14 C and AAR methods, their ages and their stratigraphic units of origin.
Concerning the AAR datings, some remarks must be made: many ages obtained with the AAR method have been rejected; this has been done in the following cases (7th column of Table 2 ): a) for ages obtained from samples that have undergone a recent contamination; b) for ages with a standard deviation greater or equal to 25% of the mean valué; c) for ages that differ in an anomalous way from others of the same unit, or are incompatible with the ages of overlying or underlying layers or units, which are considered more reliable thanks to a greater number of valid datings.
Ages from the following samples are considered valid (7th column of Table 2 ): h) Sample VZ 172d: although four subsamples were analyzed, three of them were contaminated and only one was used for the age calculation; k) Sample MM4/1: although falling within case b, its age has a standard deviation that, however, does not cast a doubt on its attribution to the Holocene; Table 2 Aspartíc acid and glutamic acid D/L ratios of the samples studied in this paper with their corresponding ages; for the provenance of the samples see the geological map and/or sections (Figs. 1-3 For the samples coming from cores, there has been only enough material for one analysis. Therefore, it has not been possible to repeat the dating. Nevertheless, the ages obtained have been used.
A further observation about the use of numerical datings is that only the best ages (those without notes in the 7th column of Table 2 and represented by black vertical lines in Fig. 4 ) have been taken into consideration. Taking into account all their respective standard deviations, we have defined a hypothetical time range for each unit (Fig. 4) . Some mean valúes of the ages rejected for cases b) and c) are included within the hypothetical time ranges of some units: these ages have been defined as "compatible" (their mean valué is represented by white vertical lines in Fig. 4 and they are marked with an asterisk in Table 2 ).
In any case, the ages are not exhaustive if used alone, so they have been considered with other data such as the lithofacies, the palaeontological content, the sedimentary environment and the general geologic context. All of these elements have contributed to define, for all of the different units, an attributed temporal range (Fig. 4) .
Interpretation and discussion
The collected data made it possible to reconstruct the geologic history of the study área, and to attempt, for the first time, a correlation between the stratigraphic units (Fig. 3 ) and the cycles of sea level variation.
Regarding the latter, the sea-level curves can represent an important tool for geologists to reconstruct the Quaternary sedimentary cycles and tectonic evolution of uplifted coastal sectors. However, some perplexities arise from their potentially subjective use, exposed as well in Caputo (2007) . Nevertheless, for this work, the Waelbroeck et al. (2002) and Bintanja et al. (2005) curves have been followed because they are among the most recent. Moreover, the Bintanja curve covers the whole time range of the identified stratigraphic units. It is still necessary to consider other studies about marine isotope stages, often in disagreement with the two considered curves, that have been taken into account for the reconstruction of the vertical movements (see Section 5.2 -"Vertical movements assessment").
We take into consideration that: (2000); 2) other authors suggest an exceptionally long MIS 11 (423-360 ka; Zazo, 1999) , that allowed the formation of two marine terraces during two different highstands (Schellmann and Radtke, 2004 ). This assumption is in disagreement with the curve of Bintanja et al. (2005) .
Reconstruction ofthe depositional events
í. Middle Pleistocene
The sedimentary succession of the study área shows a general regressive trend, connected to the Bradanic Trough uplift and its following final emersión. This uplift tendency, according to the literature Doglioni et al., 1994 Doglioni et al., , 1996 , began during the middle Pleistocene.
The most ancient unit is the Coppa Nevigata sands (NEA): a marine terraced deposit overlying the Mesozoic limestones of the Apulian foreland cropping out at the foot of the Gargano massif. The age obtained for this unit has a very wide standard deviation, so the sedimentation age could range between MIS 20 and MIS 14. Nevertheless, the vertical succession of facies shows a shift from a shallow marine environment to a continental one, with a transgressive-regressive cycle (Fig. 3) . This suggests that the unit could be attributed to MIS 17-16, because this is the only interval with a regressive trend that includes the mean valué ofthe age attributed to NEA unit (643 ±111 ka BP; Fig. 4) .
The upper part ofthe argille subappennine unit (ASP) follows. It is made up of circalittoral-infralittoral sediments that probably accumulated in the central part of a wide gulf, open eastwards, that can be considered as the local remains ofthe Bradanic Trough (Manfredonia paleogulf). The dating shows a very wide standard deviation, so the age ofthe ASP upper part could vary between MIS 15 and MIS 11, with a mean valué around MIS 13 (Fig. 4) .
The following unit is the Coppa Nevigata synthem (NV1), which crops out overlying the NEA unit along an erosive contact (Fig. 3) . The dating of this unit indicates an age between MIS 13 and MIS 10. Nevertheless, the vertical succession of facies reveáis a transition from a continental alluvial plain at the base to a lagoon with Cerastoderma and Abra in the upper part (Fig. 3) . This indicates that the NV1 unit accumulated first in a continental environment and later in a sea level rise context. This allows us to restrict the sedimentation age to the MIS 12-11 interval (Fig. 4) . In addition, the presence of columnar stromatolites in the upper part of the NV1 unit suggests that it is most likely referable to the MIS 11 highstand and it accumulated more or less at sea level at that time. MIS 11 was the longest and warmest interglacial in the last 500 ka, in terms of sea surface temperatures, and the finding of MIS 11 stromatolites on the Italian Adriatic side, where warm fauna (Senegalese fauna) has never been found until now, confirms this assumption.
The whole Coppa Nevigata succession (NEA and NV1 units) and the age of the argille subappennine upper part, prompts some remarks about the relationship between tectonics, sedimentation and sea level variation cycles.
The NV1 unit, whose upper part is referable to the MIS 11 highstand, during which the sea level was higher than at present, unconformably overlies the NEA unit. The latter accumulated in a shallow marine environment during a period (MIS 17-16) characterised by a sea level lower than the present (Imbrie et al., 1984; Bintanja et al., 2005; Fig. 4) . It follows that a general uplift ofthe área occurred between the two depositional phases.
The consequent erosive hiatus between the two units is referable to MIS 15-13. Instead, during this same period, the upper part ofthe argille subappennine unit (ASP) accumulated in the Manfredonia paleogulf: the standard deviation of its age corresponds very closely with the MIS 15-13 interval (Fig. 4) and, the mean valué indicates MIS 13 exactly.
According to the above, it seems that in the period from MIS 15 to MIS 13, there were differences in tectonics and sedimentation between the áreas near the Apulian-Garganic foreland (Coppa Nevigata zone, with units NEA and NV1) and the central parts of the Manfredonia paleogulf. In the former, a strong tectonic uplift occurred, with emersión and consequent erosión (erosive hiatus between units NEA and NV1); in the latter, on the other hand, the conditions allowed the deposition of shallow marine sediments (upper part of unit ASP) as these áreas, although uplifting, were previously lower than the Apulian-Garganic foreland.
The lack of layers referable to MIS 12 in the argille subappennine unit suggests that, probably only in that period (cold, with a sea level at ca. -125±12m; Bintanja et al., 2005) , a generalised emersión occurred, also in the central parts ofthe Manfredonia paleogulf.
In theory, as well as from the literature (Ciaranfi et al., in print) , it is possible that between the lower part (clayey and of the bathyal zone) and the upper one (coarser and of the circalittoral-infralittoral zone) of the argille subappennine unit, there is an erosión surface, but there is not sufficient evidence for this hypothesis. The following unit is the Amendola subsynthem (MLM^; the age obtained for its middle-upper part suggests that it accumulated during the MIS 11 sea level rise and/or highstand (Fig. 4) , which reactivated the Manfredonia paleogulf as a marine sedimentary basin, allowing the deposition of this unit.
Therefore, the NVI and MLM} units would be, at least partly, coeval. However, the separation between the outcropping áreas of the two units (Fig. 4) , the different sedimentary environments, and the different lithologies have suggested keeping them sepárate. This choice has also been adopted as a consequence of some studies on MIS 11, indicating that it was exceptionally long (423-360 ka), and allowed the formation of two marine terraces during two different highstands (Zazo, 1999; Schellmann and Radtke, 2004) .
The coevality of these two units suggests that the MIS 11 transgression caused the sedimentation of infralittoral sands (MLM! unit) in the central parts of the Manfredonia paleogulf, while in the áreas near the Gargano highland, it created conditions favourable to the development first of an alluvial environment and later of a lagoonal one (NVI unit).
Currently, it is not possible to establish when the sedimentation of the MLMi unit ended: there are no traces in the study área of the following sea level oscillations, which occurred from MIS 10 to MIS 8.5.
In any case, an important erosión phase should have occurred during the MIS 8.4-8.2 interval, when the sea level fell to ca. -110 m (Waelbroeck et al., 2002) or ca. -90 m (Bintanja et al., 2005) , exposing wide áreas to subaerial erosión.
During the MIS 8.4-8.2 interval, but even more during the following sea level rise due to the onset of MIS 7, in the eastern part of the study área, favourable conditions for alluvial sedimentation were created; as a consequence, continental aggradational and progradational bodies were deposited, forming the undifferentiated continental unit (UCI). During the MIS 8.4-MIS 7 interval, continental sedimentation occurred because the sea level remained below what it is today (Waelbroeck et al., 2002; Bintanja et al., 2005) . Only in the most eastern áreas does the UCI unit record a pardal marine ingression during substage 7.3, represented by a lagoonal facies (MM4 borehole; Fig. 5 ). At the same time as the deposition of UCI, the erosive phase, contemporary to the tectonic uplift, continued in the immediate hinterland, remodelling the topographic surface.
After the UCI unit was deposited, only the eastern part of the study área was involved in modérate subsidence (see Section 5.2 -"Vertical movements assessment"), which brought the UCI unit to its present position (Fig. 2) .
During the following MIS 6, the sea level fell to ca. -125/130 m (Waelbroeck et al., 2002; Bintanja et al., 2005) , and the coastline positioned itself many kilometres off the present coastline. In this situation, the erosión phase of the inland áreas reached its máximum with the vertical incisión of the land surface shaped during MIS 8 and 7. In these fluvial valleys, the Foggia synthem (TGF) accumulated; it is characterised by braided plain sediments, due to many subparallel rivers that deposited thin gravelly bodies. This process is similar to those reported for other rivers on the Italian Adriatic coast (Coltorti and Farabollini, 2008) .
From the literature, braided pattern occurs in rivers with high valley gradient and/or a large sediment loads (Schumm and Kahn, 1972) . During a glacial period with a sea level lowstand, the valley gradient increases; moreover, the cool climate causes an increase in the discharge variability, bed load size and substratum erodibility (Leigh et al., 2004) . As a consequence, the probability of braiding increases during a glacial period with sea level lowstand. The Foggia synthem deposits, filling the valleys, isolated the highlands such as that of Amendola which, unlike in the eastern áreas, was characterised by a continuous uplift until this period (see Section 5.2, "Vertical movements assessment").
Late Pleistocene. Focusing on MIS 5.5
The Carapelle and Cervaro streams synthem (RPL) accumulated during MIS 5-3 interval (Fig. 4) , with a preponderant contribution during MIS 5.
The presence of a layer with C. caespitosa, found in boreholes at about -22 m (Fig. 5) , is the most important characteristic of the RPL unit. Fig. 5 shows the stratigraphy of the MM4 borehole, with the recognised lithological units, their depositional environments, and the locations and ages of samples dated with the AAR method.
In particular, the age of sample MM4/6 (98 ± 17 ka BP) and its location, about 9 m above the C. caespitosa layer, allows us to attribute the latter to MIS 5.5, in analogy to other MIS 5.5 deposits in the Apulia región, rich in C. caespitosa (Belluomini et al., 2002) .
At a few sites around the Mediterranean, the Tyrrhenian sediments contain C. caespitosa, whose uranium series radiometric ages cluster around isotopic stages 7.1 and 5.5 (Sivan et al., 1999) .
Even more rare are the MIS 5.5 buried layers with C. caespitosa, generally found in alluvial plain áreas. In Italy, the layer of the Versilia plain can be found at a depth between -68 and -71 m (Antonioli et al., 1999; Nisi et al., 2003) , and that of the Volturno plain at a depth of -50 m (Romano et al., 1994) . Other buried layers referable to MIS 5.5 have been found only in the south-eastern Po plain, at a depth between -85 and -117 m (Amorosi et al., 1999a (Amorosi et al., ,b, 2004 , and in the Sarno plain, at a depth of -29 m (Barra et al., 1991) . In the latter cases, however, the Tyrrhenian layers are lacking in warm fauna and C caespitosa.
The C. caespitosa found in the Apulian Tavoliere buried layer is embedded in clay: the depositional environment was shallow marine (infralittoral zone), cióse to an alluvial coastal plain, where terrigenous inputs were discharged by the streams that flow into the Adriatic Sea.
In both buried and outcropping MIS 5.5 deposits with C. caespitosa, in Italy and around the Mediterranean (Table 3) , the association of this coral with clayey sediments is certainly less common than the association with sand or coarse sediments, often carbonatic. Even today, colonies of C. caespitosa occur on rocky or sandy bottoms (Kruzicetal., 2008) .
One of the few examples of MIS 5.5 layers with C. caespitosa embedded in predominantly clayey sediments where marls crop out is in the "il Fronte" section, near Taranto (Apulia, southern Italy; Dai Pra and Hearty, 1988) . Nevertheless, it is possible that the scarcity of MIS 5.5 deposits with C. caespitosa embedded in clay is due only to the fact that this kind of sediment characterised marine environments cióse to coastal alluvial plains, which, since MIS 5.5, have generally undergone subsidence; thus, the MIS 5.5 layers are buried under more recent deposits and exposures are not available.
The Tavoliere MIS 5.5 layer with C. caespitosa strengthens the hypothesis that the major fossil reefs grew in coastal waters characterised by alluvial inputs of fine sediments, higher turbidity and higher temperatures than today (Peirano et al., 1994 (Peirano et al., , 1998 .
Finally, another characteristic of the Tavoliere MIS 5.5 layer is the total lack of warm fauna.
Up to now, along the Adriatic coast, MIS 5.5 deposits containing C caespitosa and/or warm fauna have never been found; in general, remnants of the MIS 5.5 marine terraces along the Adriatic coast are limited and poorly constrained regarding timing and elevation. An indirect age constraint is available on the central Apulian coast near Torre Santa Sabina (Marsico et al., 2003) , where a coastal deposit situated at about + 3 m overlies a colluvial deposit bearing late Paleolithic Mousterian flint and thus could be of MIS 5.5 age.
Another level referable to MIS 5.5 along the Adriatic coast is the already mentioned buried level in the south-eastern Po plain. In this case, the attribution of the deposit to MIS 5.5 is based on pollen series correlation (Amorosi et al., 1999a (Amorosi et al., ,b, 2004 .
The finding of the Tavoliere MIS 5.5 layer with C. caespitosa, but lacking in warm fauna, indicates that the MIS 5.5 warming encouraged the spreading of this coral in the southern Adriatic, but was not strong enough to allow the entry of warm fauna in this sea.
The non-spreading of warm fauna along the Italian Adriatic coast could be due only to the counter-clockwise circulation of sea currents that characterise the Adriatic Sea. However, until now, the lack of evidence for warm fauna along the Adriatic coasts of Albania and Croatia confirms the hypothesis that the Adriatic Sea underwent a more modérate warming than the Ionian and Tyrrhenian seas, during MIS 5.5.
Thus, different paleoceanographic conditions occurred between the Adriatic and the Tyrrhenian and Jonian seas, involving sea surface temperature (SST), deep cool water production and upwelling.
In comparison, the MIS 11 warming was undoubtedly greater than MIS 5.5 one. In fact, as already mentioned, it allowed the development, along the Adriatic Sea, of a tropical lagoon with stromatolites (Coppa Nevigata synthem).
A recent alternative hypothesis that may explain the lack of warm fauna in the fossil banks of C. caespitosa is that they may have developed under conditions comparable to those recorded today along the Croatian coast, where cold winds or inputs of freshwater lower the SST (Peirano et al., 2009 ). Thus, during MIS 5.5, the Manfredonia Gulf SST could be lower than that of the open Adriatic Sea, if there were local mitigating factors. Nevertheless, so far, there is no evidence for this hypothesis.
Data about relative sea level oscillations during the whole MIS 5 can be inferred from MM4 borehole (Fig. 5) , thanks to the improved quality of the core and the existence of two dates; among these, the 98 ± 17 ka age is good and allows us to refer lithological unit 11 to MIS 5.3; the 70 ±19 ka date has a large standard deviation that places lithological unit 13 within the 89-51 ka BP range. However, taking into account the fact that unit 13 was deposited in a shallow marine environment and is transgressive on the underlying paleosoil, it can be reasonably referred to MIS 5.1.
From these elements, we can infer that the sedimentation was continuous from MIS 5.5 (C caespitosa layer) to MIS 5.3, with a regressive trend testified by the transition from shallow marine to lagoonal deposits (Fig. 5) : no evidence for land emersión between these substages has been found in the área. During MIS 5.2, there was Antonioli et al. (1999) , Nisi et al. (2003 ) Esposito et al. (2003 ) Brancaccio et al. (1978 ) Romano et al. (1994 ) Belluomini et al. (2002 ) Dai Pra and Hearty (1988 ) Caldara (1986 ) Gliozzi (1987 , Zecchin et al. (2004 ) Balescu et al. (1997 ), Dai Pra et al. (1993 Ulzega and Hearty (1986) , Hearty (1986) Ulzega and Hearty (1986) , Hearty (1986) Hearty ( This pattern, with two depositional phases, the first referable to MIS 5.5-5.3 and the second to MIS 5.1, is in agreement with that reported by Belluomini et al. (2002) for the MIS 5 deposits of the Taranto área.
Holocene
The MIS 2 onset puts an end to the RPL sedimentation: the sea level fell to ca. -125 ± 5 m (Fleming et al., 1998; Waelbroeck et al., 2002) ; the base level lowering caused a new phase of vertical incisión. Still, during MIS 2, the alluvial plain surface was affected by pedogenesis phenomena, with the formation of a paleosoil that very often closes lies at the top of the RPL unit; in fact, the age of the sample from this paleosoil (VZ 169d; Table 1 ) is referable to the Last Glacial Máximum (LGM).
The following Holocene NAQ unit is represented by the current and recent beach and coastal dune deposits (s) and the current and recent alluvial deposits (b): these are referable to the transgression phase between the MIS 2 lowstand and the current sea level (Caldara and Simone, 2005) .
Vertical movement assessment
In this paragraph, we report some remarks about the tectonic vertical movements, calculated for the first time in the study área.
It is extremely difficult to calcúlate the vertical movements. In doing so it would require: I) that there be some sea level markers; II) that they be correctly dated; III) that the corresponding sea level be known; IV) that their sedimentation depth be estimated with an accurate approximation. Since all of these evaluations have a certain degree of approximation that increases with time, we can only try, according to recent studies, to estímate the vertical movements.
Some first considerations concern the coastal zone of the study área, which is affected by a clear subsidence. In particular, it is possible to provide an indication of the subsidence thanks to the Pt8 and MM4 boreholes. In both, the RPL unit is characterised by the presence of a C caespitosa bioherm at a depth of ca -22 m. The faunal assemblage of the bioherm allows us to hypothesise that the sea bottom was at a depth of roughly 2 m (however no more than 5 m). As the bioherm has been referred to MIS 5.5, and in that period the sea level was at + 6 ± 3 m (Lambeck et al., 2004b) , the calculated subsidence, from MIS 5.5 to the present day, is about -26 ± 3 m, with a rate between -0.23 and -0.18 mm/yr and a mean valué of -0.21 mm/yr (Fig. 7) .
The finding in the Apulian Tavoliere of MIS 5.5 can be added to the few reports of the same stage along the Adriatic coast (Ferranti et al., 2006) . In particular, this datum represents the greatest subsidence rate calculated for the southern and central Adriatic coast. Until now, the máximum subsidence rate (-0.02 mm/yr) has been calculated at the Torre Santa Sabina site (Marsico et al., 2003) . The subsidence rate calculated from MIS 5.5 to the present for the Apulian Tavoliere plain is comparable to those of the Trieste, Versilia and Sarno plains (respectively -0.21, -0.28 and -0.26 mm/yr), while it is quite distinct from those of the greatest Italian plain (Po plain), which are between -0.80 and -1 mm/yr (Ferranti et al., 2006) . This first report of subsidence affecting the Apulian Tavoliere áreas from MIS 5.5 to the present proves that the Apulian Tavoliere Plain also behaves, from a tectonic point of view, like other Italian coastal plains; this allows us to modify the regional frame reported in Ferranti et al. (2006) , showing a slow to rapid uplift moving northward along the Adriatic coast (Fig. 6) .
In the MM4 borehole, the upper part of the UCI unit, sited at -32 m (i.e., 10 m below the C. caespitosa level), is represented by a lagoonal deposit dated at 220 ± 53 ka, therefore referable to substage 7.3 (Fig. 5) . In this work, a MIS 7.3 highstand at -10 m has been carefully considered, as this is an intermedíate valué among those reported in Schellmann and Radtke (2004) , Bintanja et al. (2005) and Waelbroeck et al. (2002) . In addition, according to Lambeck et al. (2004a) and Ferranti et al. (2006) , a máximum sedimentation depth of 2 m can be attributed to the lagoon bottom. It follows that among substages 7.3 and 5.5 there was a substantial stability, with an uplift of only 6 m ( + 0.06 mm/yr; Fig. 7 ).
In the Pt8 core, the upper part of the UCI unit is dated at 190 ± 24 and 199±46ka (samples Pt8/18 and Pt8/20; Fig. 2 and Table 2 ), therefore we considered the layer dated at 190 ±24 ka as a marker level referable to substage 7.1. In this work, a 7.1 highstand at ca. -15 m has been carefully considered, as this is an intermedíate valué among those reported in Schellmann and Radtke (2004) , Bintanja et al. (2005) and Waelbroeck et al. (2002) . The marker level of substage 7.1 accumulated in a continental environment and currently it is at -68 m; almost certainly it accumulated above -10 m: as a precaution, this sedimentation height has been assigned to it. It follows that between substages 7.1 and 5.5 there was a subsidence of at least 30 m, at a rate greater than -0.4 mm/yr (Fig. 7) .
Concerning the Amendola subsynthem, even in the presence of good biological markers, such as infralittoral fauna (Pt8) and lagoonal fauna (MM4), there are no reliable datings, so their position during MIS 11 isunclear.
A second set of remarks concerns the Coppa Nevigata and Amendola highland áreas. Neither has traces of MIS 5 and 7, ñor have they undergone a tectonic uplift. For the Coppa Nevigata área, the marker used is the intertidal stromatolithic level of the NVI unit, whose present height is + 7 m. Its age is 409 ± 62 ka, therefore referable to the MIS 11 highstand. During this stage the sea level was higher than the present (Shackleton, 1987) , but not all the authors agree about the máximum sea level reached in this interstadial: + 20m (Howard, 1997; Hearty et al., 1999) or between +18 and + 20 m (Hearty and Kaufman, 2000) . According to Schellmann and •.-RPL-.
•.MLM,: Radtke (2004), if the assumption of an MIS 5 highstand at +6 m is accepted, a reconstructed sea level at +18 m would result for the Fourth past Interglacial; instead, if the assumption of an MIS 5 highstand at + 2 m is accepted, a reconstructed sea level at + 5 m would result for the MIS 11 highstand. The latter is more or less the valué considered by Waelbroeck et al. (2002) . In this work a MIS 11 highstand at +10 m has been considered (Schellmann and Radtke, 2004) . It follows that, from MIS 11 to the present day, the Coppa Nevigata área suffered a subsidence of 3 m, at a rough rate of -0.007 mm/yr (Fig. 7) . More or less at the same time, the Amendola highland underwent an uplift of more or less 48 m, at a rate of roughly +0.12 mm/yr (Fig. 7) . In this case, the marker used is a level with a fine well-sorted sand biocoenosis, to which a sedimentation depth of about 10 m has prudently been attributed. At present, in the Adriatic Sea, this same association does not exceed 12 m in depth (Morello et al., 2005) , while in protected áreas such as the Manfredonia gulf it reaches the máximum growth at a lower depth. The age attributed to this level, currently sited at +48 m, is 391 ±48 ka, which corresponds to the MIS 11 highstand.
Going back in time, it is possible to hypothesise that also between MIS 13 and MIS 11 the Amendola highland suffered a tectonic uplift greater than 10 m, at a rate greater than roughly + 0.08 mm/yr (Fig. 7) . In this case, the marker used is a level of the ASP unit with the coastal terrigenous mud biocoenosis, to which a sedimentation depth of about 40 m has been attributed. At the moment, in the Adriatic Sea, this same biocoenosis is below 50 m in depth (Damiani et al, 1988) , but in the Manfredonia Gulf it is also at lower depths. This is due to the slow drifting, towards the sea, of the terrigenous sediments discharged by the Tavoliere rivers, because of the Gargano promontory, which acts as a barrier to the currents coming from the northern quadrants (Caldara et al., 1998 ). The age of this level, found in the D3 borehole at -12 m, is 506± 102 ka. This age indicates MIS 13, whose sea level was at least 30 m lower than the present (Bintanja et al, 2005) .
The same situation, but with greater uncertainty, due to the lack of reliable dating for the argille subappennine unit, comes from the MM6 borehole; in this área, an uplift of about 57 m occurs, at a rate greater than +0.49 mm/yr (Fig. 5) .
For the Coppa Nevigata área, it has been possible to estímate, between MIS 17 and MIS11, an uplift greater than 33 m, at a rate exceeding + 0.14 mm/yr (Fig. 7) . The marker used is the basal fauna of the NEA unit, to which a sedimentation depth of 2 m has been attributed.
As the attributed temporal range for the NEA unit is MIS 17-16, it can be hypothesised, thanks to the vertical movement calculation, that the marker level of this unit accumulated during the MIS 17 highstand when the sea level was at ca. -25 m (Bintanja et al, 2005) .
Conclusions
The geologic study of the coastal alluvial plains has always been difficult for reasons including the very low scarps between the terraced units, the low diversification of the sediments, and the outcrop scarcity. The Apulian Tavoliere plain is no exception: here an intense calcification is added, often obliterating the few outcrops.
We have applied a method, exportable to other similar cases, using a great number of cores and the AAR dating method applied to ostracod shells. This method allows us to date marine, continental and lagoonal sediments, thanks to the capability of ostracods to colonise all environments, as long as there is water. The datings are not exhaustive if used alone, and so are considered with other data, such as the lithofacies, the faunal content, the sedimentary environment, and the general geologic context. All of these elements have allowed us to define, for all of the different units, a temporal range, and to correlate them with sea level cycles. This methodology has allowed us to recognise a different geological setting from that reported in the literature. In fact, in the coastal área of the Apulian Tavoliere plain, nine marine and continental sedimentary units, some of which do not crop out, have been recognised.
The most interesting results of this work can be summarised as follows:
I) The first numerical dates have been obtained, in the Apulian Tavoliere área, for the argille subappennine unit and some marine and continental terraced units. From these it appears that the recognised units were deposited from the middle Pleistocene (MIS 17) to the Holocene. II) The utility and reliability of ostracods has been tested for dating terraced deposits, very often characterised by the absence of other species suitable for dating.
III) Uplift and subsidence áreas have been recognised and the vertical movements have been evaluated. IV) For the first time in the Apulian Tavoliere plain, MIS 5 deposits have been recognised; the finding of a C. caespitosa layer referable to MIS 5.5, lacking in warm fauna, is particularly important. This is the first Tyrrhenian level with C. caespitosa found along the Adriatic coast; the presence of this coral in clayey sediments, a very uncommon thing, strengthens the hypothesis that the major fossil reefs grew in coastal waters characterised by alluvial inputs of fine sediments, higher turbidity and higher temperatures than today. In addition, on the basis of the current evidence, some consideration about the fauna of the MIS 5.5 layer allows us to hypothesise that the Adriatic Sea underwent a more modérate warming than the lonian and Tyrrhenian seas. Instead, the finding, in the NVI unit, of a tropical lagoonal deposit with stromatolites referred to MIS 11, proves that the warming of this stage was undoubtedly greater than that of MIS 5.5. V) We have recognised two marine phases during MIS 5: the first is referable to MIS 5.5-5.3, and the second to MIS 5.1. MIS 5.2 is marked by land emersión, whereas no evidence of land emersión between MIS 5.5 and 5.3 has been found. VI) The finding of the buried C. caespitosa layer also allowed us to fill a gap in the data regarding the recent tectonic movements along the Adriatic coast (Ferranti et al, 2006) : in fact, it proves that there has been a recent subsidence since MIS 5.5 in the coastal área of the Apulian Tavoliere plain.
The results obtained here are encouraging and they encourage us to extend this method to all áreas where there are continental and marine terraced sediments that are difficult to date.
